
CREATED USING THE RSC REPORT TEMPLATE (VER. 3.1) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

REVIEW www.rsc.org/xxxxxx  |  XXXXXXXX 

a A.J. Drexel Nanomaterials Institute & Department of Materials Science and Engineering, 3141 Chestnut Street, 
Philadelphia, PA 19104, USA. Fax: 2158951934; Tel: 2158956446; E-mail: gogotsi@drexel.edu 

 [journal], [year], [vol], 00–00  |  1 

This journal is © The Royal Society of Chemistry [year] 

Effects of Structural Disorder and Surface Chemistry 
on Electric Conductivity and Capacitance of Porous 
Carbon Electrodes 

 

Boris Dyatkina and Yury Gogotsia* 5 

DOI: 10.1039/b000000x [DO NOT ALTER/DELETE THIS TEXT] 
 

Supporting Information 

 
 10 

 
 
 
 
 15 

Fig S1. (a) Pore size distributions and BET-derived specific surface area of TiC-CDC microparticles that were
synthesized at 1000 °C and annealed at 1400 °C. Initial high degree of ordering minimizes pore collapse and
expands pore volume through defunctionalization and some additional graphitization. (b) Dynamic water vapour
sorption of the initial and annealed materials, indicating similar increase in hydrophobicity as observed for the
800 °C synthesized systems. (c) Performance of the materials in 1.0 M Na2SO4 aqueous electrolyte, indicating a
significant decrease in capacitance and a large resistance increase for the annealed material due to poor pore
wetting. (d) Electrochemical performance of these materials in a (more hydrophobic) electrolyte of 1.0 M NEt4-
BF4 in acetonitrile, exhibiting similar ionic resistance, fewer faradic reactions, and no increases in capacitance
of the 1400 °C annealed material despite higher SSA and increased material conductivity.  
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TiC-CDC Microparticles  SiC-CDC Nanoparticles 

 
Initial 
CDC 

700 °C 
Annealed 

1400 °C 
Annealed

Initial 
CDC 

700 °C 
Annealed 

1400 °C 
Annealed 

BET SSA, m2 g-1 1682 1946 1371 2001 3101 1401  

DFT SSA,  m2 g-1 1699 1870 1337 1762 2899 12901 

Cumulative pore volume,  cm3 g-1 0.65 0.77 0.581 1.44 2.04 1.21 

Subnanometer pore volume,  cm3 g-1 0.481 0.53 0.36 0.42 0.77 0.30 

Pore diameter mode,  nm 0.61 0.67 0.67 0.85 1.01 0.79 

Table S1.  Surface area, pore volume, and pore size distribution values derived from N2 gas sorption for the
microparticles and nanoparticles in their initial and annealed states.  

Fig S2. (a)  Position of the G band and effects of annealing on its shifts. (b) Ratios of normalized intensities of
the D band to two components of the G band: G1 (1550 cm-1) accounting for amorphous sp2 phase contributions
and G2 (1595 cm-1) accounting for ordered sp2 graphitic domains.1  
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Fig S3. Oxidation peaks determined using TGA in air environment for (a) microparticles and (b)
nanoparticles. (c) These peaks show a shift to higher oxidation temperatures and a more narrow
distribution as annealing temperature increases, suggesting that the material becomes more ordered and
homogeneous. (d) Percentage of mass lost during heating of samples to 800 °C (TGA in an Ar
environment), corresponding to amounts of non-carbon functional groups that undergo decomposition.2  

Fig S4. Dynamic water vapour sorption on (a) TiC-CDC microparticles and (b) SiC-CDC nanoparticles.
Water adsorption was carried out at 25 °C isotherms using an 80 min equilibration stage for each relative
humidity step.   
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TiC-CDC Microparticles SiC-CDC Nanoparticles 

 
Initial 
CDC 

700 °C 
Annealed

1400 °C 
Annealed

Initial 
CDC

700 °C 
Annealed 

1400 °C 
Annealed 

WE – Stored charge, % 79.2 79.2 58.6 67.6 71.5 47.6 

CE – Stored charge, % 20.8 20.8 41.4 32.4 28.4 52.4 

WE – Capacitance, % 49.5 53.0 51.1 45.4 48.1 50.6 

CE – Capacitance, % 50.5 47.0 48.9 54.6 51.9 49.4 

 5 

 
 
 
 
 10 

 

Table S2. Distributions of charge storage and capacitance from the working (WE) and counter (CE) electrodes, as
collected from the various systems at 5 mV s-1 in a 0.0 – 2.5 V window. 

Fig S5. Phase angle plots highlighting response of impedance to voltage oscillation frequency for (a)
microparticles and (b) nanoparticles. A phase angle of -90° signifies double layer capacitance as the sole
contributor to impedance. Bode impedance plots for (c) microparticles and (d) nanoparticles normalized by the
real capacitance measured at 10 mHz.  
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TiC-CDC Microparticles SiC-CDC Nanoparticles 

 
Initial 
CDC 

700 °C 
Annealed 

1400 °C 
Annealed 

Initial 
CDC 

700 °C 
Annealed 

1400 °C 
Annealed 

WE – Coulomic 
Efficiency, % 

86.6 88.9 86.2 93.1 94.9 89.1 

CE – Coulomic 
Efficiency, % 

96.6 92.4 97.1 58.7 95.1 91.9 

Fig S6. Performances of working and counter electrodes in a 3.25 V operating window measured using cyclic
voltammetry conducted at 2 mV s-1 for (a) microparticles and (b) nanoparticles. Data shown is the first cycle of
this potential window. Voltammograms are plotted vs. open circuit voltage (OCV). The values for the initial,
700 °C annealed, and 1400 °C annealed samples were, respectively, -57.5 mV, -498.7 mV, and -16.8 mV for
microparticles and -356.0 mV, 22.1 mV, and -120.9 mV for nanoparticles.  As in Fig. 6, the negative current is
plotted for the working electrode for each material, in order to facilitate symmetry comparison. Previously, each
system was cycled multiple times in the 0.0 – 2.5 V window, and cycled twice to 2.75 V and 3.00 V. Narrowing
of specific electrodes (such as the WE of the 700 °C annealed nanoparticle sample) is possibly attributed to
selective decomposition of one ion (in this case, the TFSI- ion in the working electrode) and its relative

Table S3. Coulombic efficiencies of working and counter electrodes, as collected from the various systems (shown
in Fig. S6) at 2 mV s-1 in a 0.0 – 3.25 V window. 
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